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Abstract
Executable Architectures (EA) have proven to be useful in enabling more integrated and holistic way to assessment and architectures, due these 
allow validation logic, behavior and performance of dynamical systems that are modeled statically formal languages such as Unified Modeling 
Language, Systems Modeling Language and Business Process Modeling Notation, complemented by the simulation, so that they can be 
visualized and analyzed with respect to time. 
This article briefly discusses the main methodologies of Modeling Dynamic Systems designed by Andrew Ford and Sterman, highlighting how 
some of the models of the Operational View (OV) of DoDAF provide key elements in building an EA based on systems dynamic. It shows how 
the incorporation of standard methodologies, integrated models of DoDAF OV allow us to create AE more efficiently.
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1. Introduction
Enterprise architectures have enabled highly complex challenges facing engineering, representing great difficulties and risks.
These architectures are developed under a set of guidelines and guides called Architectural Frameworks, which are a set of 
practices and knowledge that enable organizations to build their own architecture. 
Following these Architectural Frameworks thorough iterations produces models, documents, reports and analysis (artifacts) 
that form architectural building blocks. Such architectural elements provide support to the organization’s strategic business and 
decision-making processes, based on ICT resources and structures. 
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It is necessary to ensure that the artifacts that describe different aspects of the organization from different perspectives are 
correct and consistent with reality. For this purpose have been developed different methods to analyze these components, one of 
them is executable architectures. Executable architectures is methodology that facilitates the management of a system’s 
capabilities, and supports a dynamic type of analysis focused on aspects of behavior that arise from interacting systems. These 
behaviors are not observable when viewed from elements isolated from the systems, commonly referred to as emergent 
properties.2 Overall executable architectures are used in order to understand the behavior and performance of a system as a 
function of time.
DoDAF is an architectural framework that establishes different views, which allow us to break down and understand an 
organization. Some of these views include: Operational View (OV), System View (SV), Data and Information Viewpoint (DIV).
Each one of these views comprises different artifacts, which allow the creation of executable components such as system 
dynamics models.  This modeling technique supports the analysis of the systems dynamics, as well as the analysis of the 
interactions between systems and their information flows3.  Generally an executable architecture allows: verification and 
validation of architectural components, dynamic visualization of system behavior in artificial environments, and assessment of 
the impact of the implementation of policies or addition of new components to the system, inter alia. 4, 5, 6
To address this article you need to have basic background knowledge in modeling System Dynamics (SD). However, such 
methodology is not applicable to solve any kind of problems considering that it is oriented to integrate architectural artifacts from 
organizational systems, specifically the DoDAF OV. The scope thereof is limited to systems in which can identify: tasks, 
activities, operational elements, flows exchanges and resources for operations and feedback loops.7
This article composed of three sections includes an introduction to the methodology developed by Sterman and Andrew Ford; 
an analysis done to find commonalities in both methodologies to compose a new methodological approach, which allows the 
integration of architectural artifacts provided by the DoDAF OV; the last part focuses on the model build stage, an analysis how 
to identify features in DoDAF artifacts that allow to build a systems dynamics model is done
2. Standard Methodologies Review
 6WHUPDQ0RGHOOLQJ0HWKRGRORJ\
The Sterman methodology is iterative. Here the modeler goes through a series of stages, which add value to the model. Such 
iterations allow the modeler to improve the model making it more reliable. It is unrealistic to pursue the making of the perfect 
model, since the perfect model is the actual system being modeled [1]. Therefore, validation processes focus on demonstrating 
that the model is not wrong or inconsistent, thus the reliability of the model increases. Sterman’s methodology breaks down into 
five steps: (1) articulation of the problem, (2) formulation of a dynamic hypothesis, (3) development of a simulation model to test 
the dynamic hypothesis, (4) testing the model, and (5) design and evaluation of policies for improvement.2
 )RUG0RGHOOLQJ0HWKRGRORJ\
Andrew Ford defines modeling as an iterative process of trial and error. The model is usually built in stages of increasing 
complexity until simulations show the dynamic behavior 10. Andrew Ford proposes a methodology where the modeler must 
follow a set of steps must first understand the problem, when the problem becomes familiar with the flowchart level is 
constructed, then the influence diagram which is helpful to identify key loops in the model is drawn, is continuous with the 
estimation of values for the parameters, after this, the model is run to get the reference, a comparison is performed and is the first 
opportunity to test the model, if it has not been confirmed should be re-develop the reference model, to run the model a lot of 
times with variations in the values of the parameters for sensitivity analysis, finally the impact of policy test, running the model 
by making changes in the values assigned to "political variables "(variables that are under full control and knowledge of the 
organization), these simulations show whether policies achieve the desired changes on the simulated behavior.10
3. Integrated Methodology
In order to create an effective way to build an executable architecture based on system dynamics from the enterprise 
architecture or the operations models DoDAF point view, (OV) proposes to integrate the commonalities between modeling 
methodologies, and system specifications of the OV. Given that standard methodologies have common aspects, the first step to 
create a composite methodology is to identify which of these common features are appropriate methods of integration DoDAF 
operationally in building aSD based AE. 
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Figure 1. Methodologies and common features
From the common features found in the figure 1, is proposed to unify in the following diagram.  The process of developing an 
AE is not always motivated by a problem that needs to be dynamically analyzed, but rather, to discover emergent behavior 
through simulation, analyze the impact, predict possible failures and bottlenecks, validate and verify architectural models. 
                          
Figure 2 Integrate Methodology
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4. Methodologies and common features
This article aim is to address the stage of construction of an EA based on SD using DoDAF to optimize the process, therefore, 
we will not go into detail in the testing stage, design and evaluation of policies or understanding of the system. However, it is 
important to emphasize that the  last stage could be useful when making an analysis of the feasibility of creating an EA, since as 
it was named above, it is necessary to analyse whether the phenomenon or system that is aimed to address, is suitable for 
modelling via SD,. It would also be important to assess whether it is appropriate, given the necessary resources (time, effort) to 
develop this type of AE with respect to the information that will be provided by this model.
For this particular case, as it is intended to make a modelling, integrating architectural artifacts from DoDAF, the problem is 
bounded to an operating system because most of these artifacts correspond to the OV which must be identified first. Besides,
feedback cycles are an important variable will allow us analyse the system behaviour and change over time.
Table 1 Views and artifacts DoDAF
Artifacts Description Models
OV - 1 
The high-level graphical/textual description 
of the operational concept
OV – 5 OV -5b Activity Diagram
x Use – Case
x Activity - sequencing diagrams
x Data - flow diagrams
OV - 3 x Operational Information Exchange Matrix
OV – 6 
OV - 6a Operational Rules Model x Timing sequencing diagrams
x State-machine Diagrams
x Operational Rules Description
OV - 6b Operational State Transition Diagram
OV - 6c Operation Event/Trace Diagrams
Another
information
  
Scenario, add rules, start conditions, system 
properties
  
In the above table the useful artifacts for the creation of SD-based model can be seen, which aim is to be developed in the 
following steps. To address the creation of the model identifying key information provided by models from DoDAF is intended.
However, it is important to clarify that it is not possible to make a direct mapping between DoDAF artifacts to SD, by contrast, 
the work of the modeler is crucial to make a good abstraction and interpretation of the information provided by models of OV.
The reason why the modeling process could be more efficient from the OV DoDAF is that relevant information and necessary 
modeling are in the artifacts, and not just in the real system, and then a series of stages in which the artifacts are identified, their 
respective useful information and how to interpret it properly are proposed. 
5. Modelling Process
 'HFRPSRVHWKHRSHUDWLQJV\VWHPLQWRVXEV\VWHPVIURPWKHVWDWHGLDJUDP
Finally, after having built the basic model, it is necessary to identify and model the feedback loops characteristic of system
dynamics. Cycles can be: control cycle, negative feedback or compensators9, one of the useful artifacts to identify these loops 
could be the same one from the previous stage and OV-5 and OV-3. However, the modeler may use artifacts deemed necessary 
to identify key aspects that enable modelling these cycles.
 ,GHQWLI\WKHVWRFNV
At this stage, model OV-5a and OV-1 may be useful in identifying a variable that identifies the subsystem that also allows us 
to measure and analyze their performance in a given time. In general, there are patterns that can be useful to identify these
variables, in production systems, for example, this can be associated with the amount of products made, raw material on 
inventory, work requirements, the number of completed tasks etc.  
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Figure 3. State Diagram of System
 ,GHQWLI\WKHIORZV
In this step, we identify the flows that occur between systems and activities using OV-5 and OV-3, in general, the flows are 
variables which represent the change of the stock 8, 9 some of these may be seen in the OV as operating rules, labor rates and 
other such activities that take resources accumulated on levels and transform it. The objective of this stage is to identify 
information that can be interpreted as the material or information that flows between stocks and the mechanisms that control their 
behavior.
Figure. 4 Flows identified on OV-5 mapped to SD model
 ,GHQWLI\WKHIORZV
In this step, we identify the flows that occur between systems and activities using OV-5 and OV-3. In general, the flows are 
variables which represent the change of the stock 8, 9, some of these may be seen in the OV as operating rules, labor rates and 
other such activities that take resources accumulated on levels and transform it. The objective of this stage is to identify 
information that can be interpreted as the material or information that flows between stocks and the mechanisms that control their 
behavior.
 3DUDPHWHULGHQWLILFDWLRQ
From OV-6a identifying the parameters that govern the business model that is being addressed is possible. These parameters 
can be rules or restrictions of the processes or activities that directly affect the function of the subsystem under analysis. Example 
of these restrictions and rules are: the number of workers, delivery times, stock capacity etc.
Finally, after having built the basic model, it is necessary to identify and model the feedback loops characteristic of system 
dynamics. Cycles can be: control cycle, negative feedback or compensators 9, one of the useful artifacts to identify these loops 
could be the same one from the previous stage and OV-5 and OV-3. However, the modeler may use artifacts deemed necessary 
to identify key aspects that enable model these cycles.
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Figure 5. Relation between OV artifacts and systems dynamics model
4. Conclusions
• The architectural artifacts from DoDAF OV provide us with useful information, which can be identified and interpreted 
by the modeler to efficiently build a model based on SD. 
• It is important the ability of the modeler when abstracting important information from the DoDAF OV arteficts, because 
you cannot do a direct mapping from the diagrams to SD model. However, it is necessary to identify relevant features 
which may be useful for modeling. 
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